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sliding property on press-forming. 
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surface, and has an oxide layer including Zn and S on the surface of the flat 
part, of which the thickness is 10 nm or thicker. The oxide layer including 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The alloying hot-dip zinc-coated carbon steel sheet which it has a flat part on a plating front 
face, and the oxide layer which contains Zn and S in the surface of the flat part is formed, and is 
characterized by the thickness being lOnm or more. 

[Claim 2] The alloying hot-dip zinc-coated carbon steel sheet according to claim 1 with which the 
content of S in an oxide layer including Above Zn and S is characterized by being in 0.005 - 10% of 
range at at%. 

[Claim 3] Claim 1 characterized by the rate of area of said flat part in an iron-zinc alloy plating front 
face being 20 - 80%, and an alloying hot-dip zinc-coated carbon steel sheet according to claim 2. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloying hot-dip zinc-coated carbon steel sheet 

excellent in the sliding nature at the time of press forming. 

[0002] 

[Description of the Prior Art] Since an alloying hot-dip zinc-coated carbon steel sheet is excellent in 
weldability and paintwork as compared with a galvanized steel sheet, it is widely used in the extensive 
field focusing on the automobile car-body application. Press forming is performed to the alloying hot- 
dip zinc-coated carbon steel sheet in such an application, and use is presented with it. However, an 
alloying hot-dip zinc-coated carbon steel sheet has the fault that press-forming nature is inferior 
compared with cold rolled sheet steel. It is because this has the large sliding friction of the alloying hot- 
dipping steel plate in press metal mold compared with cold rolled sheet steel. That is, an alloying hot-dip 
zinc-coated carbon steel sheet stops being able to flow into press metal mold easily due to a part with the 
large sliding friction in metal mold and a bead, and fracture of a steel plate tends to take place. 
[0003] An alloying hot-dip zinc-coated carbon steel sheet makes a Fe-Zn alloy phase form, when heat- 
treatment is performed and the alloying reaction which Fe in a steel plate and Zn in a plating layer 
diffuse arises, after giving a galvanization to a steel plate. This Fe-Zn alloy phase is a coat which 
consists of gamma phase, a delta plane 1, and a zeta phase, and it usually has the inclination to be the 
order of a gamma phase ->delta plane 1 ->zeta phase, and for a degree of hardness and the melting point 
to fall as Fe concentration becomes low. For this reason, the coat of the quantity Fe concentration to 
which it is a high degree of hardness, and the melting point is high and adhesion cannot happen from a 
viewpoint of sliding nature easily is effective, and the alloying hot-dip zinc-coated carbon steel sheet 
which thinks press-forming nature as important is manufactured by slight height in the average Fe 
concentration in a coat. 

[0004] However, in the coat of high Fe concentration, it has the phenomenon of exfoliating from an 
interface at the time of processing, and the problem which the so-called powdering tends to produce that 
gamma phase hard [ to a plating-steel plate interface ] and weak against it is easy to be formed. For this 
reason, since it is compatible in sliding nature and powdering-proof nature as shown in JP, 1-3 19661, A, 
the approach of giving the second layer by technique, such as electroplating, is taken in the hard Fe-Zn 
alloy at the upper layer. 

[0005] If it considers as the approach of raising the press-forming nature at the time of zinc system 
plating steel plate use, the approach of applying a hyperviscous lubricating oil is used widely. However, 
by this approach, the paint defect by poor cleaning occurs in a painting process for the high viscosity of 
a lubricating oil, and there are problems, like the press engine performance becomes unstable with the 
oil piece at the time of a press. Therefore, it is requested strongly that own press-forming nature of 
alloying hot dip zincing should be improved. 

[0006] As an approach of solving the above-mentioned problem, the technique which is made to form in 
the front face of a zinc system plating steel plate the oxide film which makes ZnO a subject by 
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performing electrolysis processing, immersion processing, spreading oxidation treatment, or heat- 
treatment, and raises weldability or workability is indicated to JP,53-60332,A and JP,2-190483,A. 
[0007] By immersing a plating steel plate in the water solution of pH 2-6 including sodium phosphate 5 
- 60 g/1, performing electrolysis processing on the front face of a zinc system plating steel plate, or 
applying the above-mentioned water solution to it, JP,4-88196,A forms the oxide film which made P 
oxide the subject, and is indicating the technique which raises press-forming nature and chemical 
conversion nature. 

[0008] JP,3-191093,A is indicating the technique which raises press-forming nature and chemical 
conversion nature by making nickel oxide generate on the front face of a zinc system plating steel plate 
by electrolysis processing, immersion processing, spreading processing, spreading oxidation treatment, 
or heat-treatment. 
[0009] 

[Problem(s) to be Solved by the Invention] However, when the above-mentioned advanced technology 
is applied to an alloying hot-dip zinc-coated carbon steel sheet, it is stabilized and the improvement 
effect of press-forming nature cannot be acquired. As a result of this invention persons' performing 
examination detailed about the cause, it found that it was the cause that that surface reactivity is inferior 
in an alloying hot-dipping steel plate when aluminum oxide exists and surface irregularity are large. 
That is, when the advanced technology is applied to an alloying hot-dipping steel plate, since surface 
reactivity is low, even if it performs electrolysis processing, immersion processing, spreading oxidation 
treatment, heat-treatment, etc., it is difficult to form a predetermined coat in a front face, and thickness 
will become thin in a reactant low part, i.e., a part with many amounts of aluminum oxides. Moreover, 
although it becomes surface heights to contact press metal mold and directly at the time of press 
molding since surface irregularity is large, the sliding friction in the contact section of the thin part and 
the metal mold of thickness becomes large among heights, and the improvement effect of press-forming 
nature is not fully acquired. 

[0010] This invention improves the above-mentioned trouble and aims at offering the alloying hot- 
dipping steel plate excellent in the sliding nature at the time of press forming. 
[0011] 

[Means for Solving the Problem] That the above-mentioned technical problem should be solved, as a 
result of repeating research wholeheartedly, this invention persons are controlling the oxide layer 
thickness of the flat part surface which exists in an alloying hot-dipping steel plate front face, and did 
the knowledge of the press-forming nature which stabilized and was excellent being obtained. 
[0012] The above-mentioned flat part of an alloying hot-dip-zinc-coated-carbon-steel-sheet front face 
exists as heights as compared with a perimeter. It is stabilized and actually contacting press metal mold 
at the time of press forming can improve press-forming nature, if the sliding friction in this flat part is 
made small, since this flat part serves as a subject. In order to make small the sliding friction in this flat 
part, it is effective to prevent the adhesion of a plating layer and metal mold, and, for that purpose, it is 
effective to form a hard and high-melting coat in the front face of a plating layer. As a result of 
advancing examination from this viewpoint, it found out that it was effective to control the oxide layer 
thickness of a flat part surface. 

[0013] This invention is made based on the above knowledge, it has a flat part on a plating front face, 
the oxide layer which contains Zn and S in the surface of the flat part is formed, and the 1st invention 
offers the alloying hot-dip zinc-coated carbon steel sheet characterized by the thickness being lOnm or 
more. 

[0014] The 2nd invention offers the alloying hot-dip zinc-coated carbon steel sheet with which the 
content of S in an oxide layer including Above Zn and S is characterized by being in 0.005 - 10% of 
range at at% in the 1st invention. 

[0015] The 3rd invention offers the alloying hot-dip zinc-coated carbon steel sheet characterized by the 
rate of area of said flat part in an iron-zinc alloy plating front face being 20 - 80% in the 1st invention 
and the 2nd invention. 
[0016] 
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[Embodiment of the Invention] Although it heats further and alloying processing is performed in the 
case of manufacture of an alloying hot-dip zinc-coated carbon steel sheet after giving hot dip zincing to 
a steel plate, irregularity exists in an alloying hot-dip-zinc-coated-carbon-steel-sheet front face according 
to the reactant difference of the steel plate-plating interface at the time of this alloying processing. 
However, after alloying processing, temper rolling is performed for quality-of-the-material reservation, a 
plating front face is graduated and irregularity is usually eased by contact on the roll at the time of this 
temper rolling. Therefore, at the time of press molding, the force required for metal mold to crush the 
heights on the front face of plating can decline, and a sliding property can be raised. 
[0017] Since the flat part of an alloying hot-dip-zinc-coated-carbon-steel-sheet front face is a part which 
metal mold contacts directly at the time of press forming, as for it, it is important for improvement in 
sliding nature that hard [ which prevents adhesion with metal mold ], and the high-melting matter exist. 
In order for a surface to serve as delta plane 1 completely although it is effective for improvement in 
sliding nature if it is the coat of deltal single phase which does not contain zeta phase in a surface at this 
point, alloying processing must be performed so that Fe concentration in a coat may become high, 
consequently gamma phase weak against a plating-steel plate interface hard generates thickly, and in 
case it is press forming, there is a problem which is easy to produce powdering. On the other hand, in 
order to prevent powdering, when alloying processing to which gamma phase becomes thin is 
performed, zeta phase remains on a surface and there is a problem inferior to sliding nature. 
[0018] Although especially Fe concentration and aluminum concentration of a plating coat of the 
alloying hot-dip zinc-coated carbon steel sheet used by this invention are not specified from this 
viewpoint, the structure which mainly consists of a delta plane 1 and contains zeta phase further as a 
plating layer is ideal. 

[0019] At the time of actual press forming, a surface oxide is worn out, and since it is shaved off, when 
the touch area of metal mold and a work material is large, existence of an oxide film thick enough is 
required [ it is effective in improvement in a sliding property to make an oxide layer exist in a surface on 
the other hand, in order that an oxide layer may prevent adhesion with metal mold also by the coat in 
which zeta phase remains, but ] for it. The oxide layer which contains Zn and S from this viewpoint is 
effective. Although it is not clear about this cause, it can think as follows. Usually, in case Zn system 
oxide layer is generated on a galvanized steel sheet front face, the growth rate of an oxide is slow and 
processing cost, such as having long duration, although a certain necessary oxide-film thickness is 
obtained, is high. On the other hand, when S is included in an oxide film, it is effective in this S 
promoting oxide growth in a plating front face, a thick oxide layer can be formed in a short time, finally 
the oxide layer containing thick Zn and S is formed in a plating front face, and it is thought that it 
contributes to improvement in sliding nature. That is, when S which exists in an oxide film commits a 
kind of catalyst, it is thought that a thick oxide film can be formed in a plating surface. 
[0020] Moreover, the coat which does not contain zeta phase is advantageous to a front face at the point 
which can give a thick oxide film easily as compared with the coat in which zeta phase remains. 
Although it is not clear about this cause, as compared with delta plane 1, it is possible that it is difficult 
to form many oxide layers of aluminum in the surface after alloying processing, and to activate a front 
face before oxidation treatment since zeta phase has few amounts of dissolution of alloy Aiuchi's 
aluminum. 

[0021] Although it is obtained by making the acidic solution containing sulfate ion contact etc. after 
performing temper rolling to the alloying hot-dip zinc-coated carbon steel sheet after alloying processing 
in order to make the oxide layer which contains such Zn and S in the flat part on the front face of plating 
form, there is no limit in the technique that the oxide layer which finally contains Zn and S in a plating 
surface should just be formed. 

[0022] Since most remains although destroyed in part when the oxide layer is formed in the plating front 
face after alloying processing by heating at the time of alloying processing and flattening is carried out 
by approaches, such as temper rolling, Although surface reactivity is not enough, since a front face can 
be activated and an oxide layer thick enough can be given more by subsequent oxidation treatment in a 
short time by removing the oxide film which remained on the surface, it is advantageous to remove the 
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oxide film which remained before oxidation treatment. 

[0023] Here, about whether it is the coat to which zeta phase remains on a surface, it can judge from the 
photograph which photoed the SEM image on an X diffraction or the front face of plating. That is, if it is 
the coat in which zeta phase remains out of the X diffraction peak on the front face of plating with 
[ although the background value was lengthened, respectively from the peak intensity to d= 1 .900A (zeta 
phase) and d= 1 .990A (delta phase) / a ratio (zeta/delta) ] 0.2 [ or more ], and less than 0.2, it can be 
regarded as the coat in which zeta phase does not remain. Moreover, it can be considered from the SEM 
image on the front face of plating that the coat of zeta phase to the whole photograph in which zeta 
phase remains 10% or more of thing comparatively (rate of area), and less than 10% of thing are the 
coats in which zeta phase does not remain by making into zeta phase that whose configuration is a 
columnar crystal. In addition, since it is difficult to judge from a configuration when the part crushed by 
pressure regulation etc. exists in a plating front face, suppose such a part that the rate of area is 
calculated by excepting beforehand. 

[0024] Although the alloying hot-dip zinc-coated carbon steel sheet in which good sliding nature is 
shown by setting oxide layer thickness in the flat part of a plating surface to lOnm or more is obtained, it 
is more effective if oxide layer thickness is set to 20nm or more. This is for remaining, even when a 
surface oxide layer is worn out, and not causing the fall of sliding nature in press-forming processing to 
which the touch area of metal mold and a workpiece becomes large. Moreover, the content of S in the 
oxide layer containing Zn and S needs to be in 0.005 - 10% of range at at%. This is because it is [ that 
corrosion tends to advance ] inferior to corrosion resistance, although the oxide layer thick enough is 
formed, if the improvement effect of sliding nature is small and exceeds 10% conversely, since the work 
as a catalysis for the oxide layer growth of S by the content of S being less than 0.005% is not enough, it 
has long duration in generation of an oxide layer as a result and thickness of an oxide film cannot be 
thickened. On the other hand, since it will become difficult for surface reactivity to fall extremely and to 
form a chemical conversion coat if it exceeds 200nm although especially the upper limit of said oxide 
layer thickness is not established, it is desirable to be referred to as 200nm or less. 
[0025] In addition, it can ask for the thickness of the oxide layer on the front face of a flat part with the 
Auger electron spectroscopy (AES) combined with Ar ion sputtering. In this approach, after carrying out 
a spatter by the given thickness, a presentation in that depth can be searched for by relative sensibility 
factor amendment from the spectral intensity of each element of the measuring object. After the content 
of O resulting from an oxide or a hydroxide serves as maximum in a certain depth (this may be the 
maximum surface), it decreases and becomes fixed. The content of O makes the thickness of an oxide 
the depth used as one half of the sums of maximum and constant value in a location deeper than 
maximum. Moreover, by performing same measurement using X-ray photoelectron spectroscopy (XPS), 
it asks for S concentration profile in the depth direction, and let the value from which S concentration 
serves as max to the depth equivalent to oxide layer thickness be S content in an oxide layer. 
[0026] Here, as for the rate of area of the flat part in a plating front face, considering as 20 - 80% is 
desirable. At less than 20%, since a touch area with the metal mold in the part (crevice) except a flat part 
becomes large and the rate of area of the flat part which can control oxide thickness certainly among the 
area which actually contacts metal mold becomes small, the improvement effect of press-forming nature 
becomes small. Moreover, the part except a flat part has the role which holds a press oil at the time of 
press molding. Therefore, if the rate of area of the part except a flat part becomes less than 20%, at the 
time of press forming, it will lifting-come to be easy of an oil piece, and the improvement effect of 
press-forming nature will become small (if the rate of area of a flat part exceeds 80%). 
[0027] In addition, the flat part on the front face of plating is easily identifiable by observing a front face 
with an optical microscope or a scanning electron microscope. It can ask for the rate of area of the flat 
part in a plating front face by carrying out image analysis of the above-mentioned microphotography. 
[0028] Although it is required to be related for manufacturing the alloying hot-dip zinc-coated carbon 
steel sheet concerning this invention, and to add aluminum during a plating bath, especially alloying 
element components other than aluminum are not limited. That is, even if Pb, Sb, Si, Sn, Mg, Mn, 
nickel, Ti, Li, Cu, etc. are contained or added other than aluminum, the effectiveness of this invention is 
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not spoiled. 

[0029] Moreover, even if P, N, B, CI, Na, Mn, calcium, Mg, Ba, Sr, Si, etc. are incorporated in an oxide 
layer by containing an impurity in the processing liquid used for oxidation treatment etc., the 
effectiveness of this invention is not spoiled. 
[0030] 

[Example] Next, an example explains this invention to a detail further. 

(Example 1) On cold rolled sheet steel of 0.8mm of board thickness, the alloying hot-dip-zincing coat of 
a conventional method was formed, and temper rolling was performed further. In this case, the rate of 
flat part area in a front face was changed by changing the surface rate of zeta phase ratio by changing 
alloying conditions, and changing the pressing-down load of temper rolling. Then, processing in which 
the oxide layer which contains Zn and S in the surface of a flat part is made to form was performed by 
being immersed in 50 degrees C and the sulfuric-acid acidic solution of pH2.0, and rinsing. Moreover, 
before the above-mentioned processing, it was immersed in the sodium-hydroxide water solution of 
pH12, and the oxide layer generated with heating at the time of alloying processing was removed. 
[003 1] Subsequently, measurement and the press formability test of S content in Fe content in a plating 
coat, a zeta/delta value, the rate of zeta phase area, the rate of flat part area, oxide layer thickness, and an 
oxide layer were performed about the test specimen produced by the above-mentioned approach. 
Measurement of the oxide layer thickness of a flat part and S content in an oxide layer and a press 
formability test were performed as follows. 

[0032] (1) After measuring the content (at%) of each element of a flat part with the thickness of an oxide 
layer, and S content measurement Auger electron spectroscopy (AES) and carrying out Ar sputtering to 
the predetermined depth succeedingly, presentation distribution of each element of the depth direction 
was measured by measuring content of each element in a plating coat by AES, and repeating this. After 
the content of O resulting from an oxide and a hydroxide serves as max in a certain depth, it decreases 
and becomes fixed. The content of O made the thickness of an oxide the depth used as one half of the 
sums of maximum and constant value in the location deeper than maximum. In addition, Ar sputtering 
for 30 seconds was performed as conditioning, and the contamination layer on the front face of a test 
specimen was removed. 

[0033] Moreover, by performing same measurement using X-ray photoelectron spectroscopy (XPS), it 
asked for S concentration profile in the depth direction, and the value from which S concentration serves 
as max to the depth equivalent to oxide layer thickness was made into S content in an oxide layer. 
[0034] (2) Press-forming nature evaluation trial (coefficient-of-friction measurement trial) 
In order to evaluate press-forming nature, it is the following, and coefficient of friction of each test 
specimen was made and measured. 

[0035] Drawing 1 is the outline front view showing a coefficient-of-friction measuring device. As 
shown in this drawing, the coefficient-of-friction test sample 1 extracted from the test specimen is fixed 
to the sample base 2, and the sample base 2 is being fixed to the top face of the slide table 3 in which 
horizontal migration is possible. The slide table susceptor 5 which has the roller 4 which touched this 
and which can be moved up and down is formed in the inferior surface of tongue of a slide table 3, and 
the 1st load cell 7 for measuring the load N with ** to the coefficient-of-friction test sample 1 by the 
bead 6 is attached in the slide table susceptor 5 by pushing up this. The 2nd load cell 8 for measuring the 
sliding drag force F for moving a slide table 3 horizontally in the condition of having made the above- 
mentioned pressing force acting is attached in one edge of a slide table 3. in addition ~ as a lubricating 
oil — the Nihon Parkerizing Co., Ltd. make — it examined by applying NOx last 550HN to the front face 
of a sample 1. 

[0036] Drawing 2 and 3 are the outline perspective views showing the configuration and dimension of 
the used bead. The inferior surface of tongue of a bead 6 slides in the condition of having been pushed 
against the front face of a sample 1 . The bead inferior surface of tongue where the lower part of width of 
face of 10mm, sliding direction die length of 12mm of a sample, and the sliding direction both ends 
consists of curved surfaces of curvature 4.5mmR, and, as for the configuration of the bead 6 shown in 
drawing 2, a sample is forced has a flat surface with a width of face [ of 10mm ], and a sliding direction 
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die length of 3mm. The bead inferior surface of tongue where the lower part of width of face of 10mm, 
sliding direction die length of 69mm of a sample, and the sliding direction both ends consists of curved 
surfaces of curvature 4.5mmR, and, as for the configuration of the bead 6 shown in drawing 3, a sample 
is forced has a flat surface with a width of face [ of 10mm ], and a sliding direction die length of 60mm. 
The coefficient-of-friction measurement trial went by two conditions shown below. 
(Conditions 1) It considered as forcing load N:400kgf and drawing rate (horizontal migration rate of 
slide table 3): 100 cm/min of a sample using the bead shown in drawing 2. 

(Conditions 2) It considered as forcing load N:400kgf and drawing rate (horizontal migration rate of 
slide table 3):20 cm/min of a sample using the bead shown in drawing 3. The coefficient of friction mu 
between a test specimen and a bead was computed by formula:micro=F/N. 
[0037] A test result is shown in Table 1. 
[0038] 
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[0039] As shown in Table 1, when surface oxide-film thickness and S content, and the surface rate of 
flat part area are in this invention within the limits (examples 7-17 of this invention) The zeta/delta value 
and the rate of zeta phase area were high, also by the coat to which zeta phase remains on a surface 
clearly, all of coefficient of friction of conditions 1 are very low values, when oxide-film thickness was 
still as thicker as 20nm or more (examples 10-17 of this invention), coefficient of friction of conditions 
2 also became a low value, and it showed the still better sliding property. On the other hand, the 
example of a comparison (examples 1-3 of a comparison) for which surface oxide-film thickness 
separates from this invention range showed the value with any high coefficient of friction, and the 
sliding property fell 

[0040] On the other hand, although coefficient of friction of conditions 1 fell slightly when the rate of 
flat part area separated from this invention within the limits (examples 1-4 of this invention) even if 
surface oxide-film thickness was contained in this invention within the limits, coefficient of friction of 
conditions 2 did not fall at all, but there was no improvement effect of a sliding property. Moreover, 
when S content in an oxide layer separated from this invention within the limits (examples 5 and 6 of 
this invention), although the improvement of sliding nature was found, as compared with the examples 
7-17 of this invention, the improvement effect was small. 

[0041] (Example 2) On cold rolled sheet steel of 0.8mm of board thickness, the alloying hot-dip-zincing 
coat of a conventional method was formed, and temper rolling was performed further. In this case, the 
coat in which zeta phase does not exist was formed in the front face by changing alloying conditions, 
and the rate of flat part area in a front face was changed by changing the pressing-down load of temper 
rolling. Then, processing in which the oxide layer which contains Zn and S in the surface of a flat part is 
made to form was performed by being immersed in 50 degrees C and the sulfuric-acid acidic solution of 
pH2.0, and rinsing. Moreover, before the above-mentioned processing, it was immersed in the sodium- 
hydroxide water solution of pH12, and the oxide layer generated with heating at the time of alloying 
processing was removed. 

[0042] Subsequently, measurement and the press formability test of S content in Fe content in a plating 
coat, a zeta/delta value, the rate of zeta phase area, the rate of flat part area, oxide layer thickness, and an 
oxide layer were performed like the example 1 about the test specimen produced by the above- 
mentioned approach. 
[0043] A test result is shown in Table 2. 
[0044] 
[Table 2] 
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[0045] As shown in Table 2, it is the coat in which a zeta/delta value and the rate of zeta phase area do 
not contain zeta phase on a front face low. and when surface oxide-film thickness and S content, and the 
surface rate of flat part area are in this invention within the limits (examples 7-17 of this invention) All 
of coefficient of friction of conditions 1 were very low values, when oxide-film thickness was still as 
thicker as 20nm or more (examples 10-17 of this invention), coefficient of friction of conditions 2 also 
became a low value, and it showed the still better sliding property. On the other hand, the example of a 
comparison (examples 1-3 of a comparison) for which surface oxide-film thickness separates from this 
invention range showed the value with any high coefficient of friction, and the sliding property fell. 
[0046] On the other hand, although coefficient of friction of conditions 1 fell slightly when the rate of 
flat part area separated from this invention within the limits (examples 1-4 of this invention) even if 
surface oxide-film thickness was contained in this invention within the limits, coefficient of friction of 
conditions 2 did not fall at all, but there was no improvement effect of a sliding property. Moreover, 
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when S content in an oxide layer separated from this invention within the limits (examples 5 and 6 of 
this invention), although the improvement of sliding nature was found, as compared with the examples 
7-17 of this invention, the improvement effect was small. 
[0047] 

[Effect of the Invention] The alloying hot-dip zinc-coated carbon steel sheet of this invention is not 
caused into a plating layer at the residual existence of zeta phase, but the sliding friction at the time of 
press forming is small, and the press-forming nature which stabilized and was excellent is obtained. 

[Translation done ] 
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